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An Electrochemical Sensor Compensated For Relative Humidity 

Field of the Invention 

[0001] The invention relates to an electrochemical sensor for detecting a 

gas in a mixture of gases. More particularly, the invention is an electrochemical 
sensor that detects the presence of a gas while compensating for the relative 
humidity of surrounding gases. 

Background Of The Invention 

[0002] Monitoring toxic gases is a great concern in relation to 

environmental pollution, occupational health, and industrial emission control. 
Known methods and apparatuses have been developed to detect the presence 
of gases. For example, gas chromatography, ion chromatography, electrolytic 
conductivity detection, and conductometric measurement are typically used to 
detect gases. However, these manners for detecting gases have generally been 
expensive, cumbersome, and shown to have low sensitivities and slower 
response times. 

[0003] Electrochemical sensors were provided to overcome these 

limitations. Electrochemical sensors typically operate at room temperature, 
provide signals which vary linearly with concentrations of analyte species, have 
improved response times, and exhibit acceptable sensitivity with high durability. 
In addition, electrochemical sensors are compact and can be used for continuous 
monitoring. 

[0004] Electrochemical gas sensors usually detect the presence of gases 

with sufficient reliability and accuracy. However, if the humidity of the sample 


gas to be measured within the sensor is different than the humidity of the 
atmosphere surrounding the sensor, which is typically used to determine the 
baseline of the measurement, a sensor's accuracy may be compromised. The 
greater the difference in humidity, the less likely the sensor will accurately detect 
a gas. 

[0005] U.S. Patent No. 5,716,506 to Maclay et al. ("Maclay") discloses an 

electrochemical gas sensor that detects the presence of a gas while 
compensating for its dependence on the humidity in the gas. Maclay discloses 
an invention comprising a reference sensor and an active sensor. The reference 
sensor utilizes electrodes that are inert with respect to the gas being detected. 
Hence, the reference sensor is sensitive only to relative humidity and 
temperature of the surrounding air. The active sensor measures the gas and 
humidity while taking into account the temperature. The sensor response, which 
depends on relative humidity, is then compensated by subtracting the response 
of the reference sensor from the response of the active sensor. 

[0006] A disadvantage of Maclay is that it does not compensate for the 

relative humidity difference between the sample gas and surrounding 
atmosphere. Moreover, no where does Maclay disclose compensating for 
relative humidity by varying the thicknesses of electrolytic material on the sensing 
electrodes of the active and reference sensors. In fact, the compensation of the 
relative humidity proposed by Maclay does not effectively compensate for the 
difference in humidity of the sample gas and the atmosphere, where the baseline 
measurement is performed. Moreover, Maclay does not disclose a manner for 
wetting the electrolytic material where it is known in the trade that sensor 
response is typically dependent upon humidity. 

[0007] What is desired, therefore, is an electrochemical gas sensor which 

compensates for relative humidity differences between sample gas and the 
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surrounding air. What is also desired is a sensor that compensates for relative 
humidity without directly measuring humidity. What is further desired is an 
electrochemical sensor that sufficiently hydrates the electrolytic material. 

Summary Of The Invention 

[0008] Accordingly, it is an object of the invention to provide an 

electrochemical gas sensor compensated for relative humidity. 

[0009] It is another object of the invention to provide a sensor 

compensated for the difference in humidity between the surrounding atmosphere 
and gas being detected without measuring the humidity directly. 

[0010] It is still another object of the invention to provide a sensor 

compensated for relative humidity by varying the thicknesses of electrolytic 
material on the sensing electrodes of both the active and reference sensors. 

[0011] These and other objects of the invention are achieved by an 

electrochemical gas sensor having both a reference sensor and an active sensor, 
whereby each reference and active sensor includes a substrate, a counter 
electrode deposited on a surface of the substrate, a sensing electrode also 
deposited on the surface, and an electrolytic material in electrical contact with 
both electrodes for carrying a flow of ions between them. The sensor also 
includes a layer of electrolytic material on the sensing electrode of the reference 
sensor which is different in thickness from the film of electrolytic material on the 
sensing electrode of the active sensor. 

[0012] The electrochemical gas sensor may further include a reference 
electrode in both the reference and active sensors for improving accuracy and/or 
repeatability. The reference electrode is also in electrical contact with the 
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electrolytic material for permitting the establishment of a stable reference 
potential. 

[0013] The electrochemical gas sensor may also include a solution in 

contact with and for wetting the electrolytic material in order to improve sensor 
sensitivity. The sensor may further include a reservoir for containing the solution. 

[0014] In an alternative embodiment, the electrochemical gas sensor 

includes both a reference sensor and an active sensor, whereby each reference 
and active sensor further includes a substrate, a counter electrode deposited on 
a surface of the substrate, a sensing electrode also deposited on the surface, 
and an electrolytic material in electrical contact with both electrodes for carrying a 
flow of ions between them. The sensing electrode of the active sensor is of a 
different material than the sensing electrode material of the reference sensor. In 
this alternative embodiment, the reference sensor's sensing electrode is made of 
a material that is less responsive to the gas being detected than the material of 
the active sensor's sensing electrode. 

[0015] In other embodiments, the material of the reference sensor's 

sensing electrode is inert to the gas being detected. In certain other 
embodiments, Gold, a material inert to the gas being detected, is used as 
material for the reference sensor's sensing electrode. The active sensor's 
sensing electrode is made of a material responsive to the gas being detected, 
such as Platinum. 

[0016] The electrochemical gas sensor further includes a solution, and 

reservoir for containing the solution, for wetting the electrolytic material to reduce 
the humidity dependence and, thus, improve sensor sensitivity. 
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[0017] In an alternative embodiment, the electrochemical gas sensor 

includes two sensing electrodes sharing a common counter and reference 
electrode, whereby each sensing electrode further includes different thicknesses 
of an electrolytic material for compensating for relative humidity. 

[0018] The invention and its particular features and advantages will 

become more apparent from the following detailed description considered with 
reference to the accompanying drawings. 

Brief Description Of The Drawings 

[0019] FIG. 1 depicts the electrochemical gas sensor in accordance with 

the invention. 

[0020] FIG. 2 more particularly depicts the electrolytic material placed over 

the sensing electrodes of the electrochemical gas sensor. 

[0021] FIG. 3 depicts an alternative embodiment of the invention where 

the sensing electrodes are made of different materials. 

[0022] FIG. 4a depicts an alternative embodiment of the invention where 

each active and reference sensor has a counter and reference electrode that are 
combined. 

FIG. 4b depicts an alternative embodiment of the invention where 
each active and reference sensor share a single electrode that acts as both a 
counter and a reference electrode. 


* 


-6- 


Detailed Description Of The Drawings 

[0023] FIG. 1 depicts the electrochemical gas sensor 10 in accordance 

with the invention. Electrochemical gas sensor 10 comprises two sensors, 
reference sensor 50 and active sensor 60, each of which is constructed the same 
and has the same limitations as the other except for having different thicknesses 
of electrolytic material^^^n^S^on the sensing electrodes. Both reference and 
active sensors include a^housiqg, a substrate, a surface of the substrate for 
R depositing electrodes thereon, electrolytic material for carrying ions between the 

electrodes, a first electrode, and a second electrode. Electrochemical gas 

2? \ 

IP sensor 10 operates to detect the presence of a particular gas while 

III \ 

m compensating for relative humidity by wetting the electrolytic material to reduce 

? humidity dependence. Sensor \ 0 further compensates for relative humidity 

Q without directly measuring it. 

iT: 5 
H ~? 
==~ S 

li* [0024] Sensor 10 detects the presence of a desired gas in an unknown 

M- mixture of gases by taking the difference between a measurement of current 

between first and second electrodes^ 20 and 22, of reference sensor 50 and a 

measurement of current between first and second electrodes, 70 and 72, of 

\ 

active sensor 60. The measurejxient-of current is indicative of the concentration 
of a gas present. Electrolytic material 30Js in contact with both first and second 
electrodes of each sensor and^acts as^a^conductive medium to carry ions from 
the first electrode to the second electrode, or vice versa. 

[0025] As depicted in FIG. 1, first electrode 20 is the counter electrode and 

second electrode 22 is the sensing or working electrode. However, first and 
second electrodes, 20 and 22, are interchangeable and second electrode 22 may 
be the counter electrode whereas first electrode 20 may be the sensing 
electrode. The same is true of first and second electrodes, 70 and 72, of active 
sensor 60. 
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[0026] First electrode 20 and second electrode 22 include any known or 

novel conductive material suitable for conducting electricity. Generally, a metallic 
material, such as Platinum, is used but any material permitting a measurement of 
current between the electrodes suffices. The electrodes are applied using known 
or novel methods for applying thin films, including spin/sputter coating or 
evaporating the electrodes onto surface 14. Besides spin/sputter coating, the 
electrodes may also be deposited using photolithography. 

[0027] In addition, reference sensor 50 and active sensor 60 may each 

further include a third electrode deposited on surface 14. Third electrode 24 on 
reference sensor 50 and third electrode 74 on active sensor are not necessary 
for proper functioning of electrochemical gas sensor 10 but provide a more 
desirable sensor because sensitivity, accuracy, selectivity, and/or repeatability 
are improved. Third electrodes 24 and 74, acting as reference electrodes, 
provide a stable reference potential for setting the sensing electrode potential at 
which the current between the counter and sensing electrodes is measured with 
higher reproducibility and stability. The third electrodes, or reference electrodes, 
include all the limitations of both the first and second electrodes and may further 
be interchanged with either of them. However, for the purposes of FIG. 1 , third 
electrodes 24 and 74 are depicted as the reference electrodes. 

[0028] Substrate 12 includes known or novel materials used for forming 

the housing of electrochemical gas sensor 10 and the supporting surface 14 
upon which first and second electrodes, 20 and 22, are deposited. The substrate 
has a surface that is generally, although not necessarily, flat so that a desirably 
thin film of conductive material may be deposited thereon free from unnecessary 
pores or crevices. Suitable materials include glass or any nonconductive 
material so as not to cause an electrical short circuit between the electrodes. 
Such a material may be classified as an insulating material. 
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[0029] Solid state electrolytic materials are advantageous in that they 

permit the thickness of the electrolytic layer to be less than an electrolytic layer in 
a liquid state. Electrolytic material 30 is approximately between .0002 and .04 
inches thick. The preferred range is approximately between .007 and .010 
inches thick but may vary depending on the desired performance of the sensor. 
The thinner the electrolytic layer, the quicker the gas diffuses through the layer 
and the quicker the response time. Electrolytic material 30 includes Nation or 
any ionically conductive material. 

[0030] However, if a solid state or dry electrolytic material is used, it needs 

to be wetted in order to improve sensor sensitivity and decrease its dependence 
on humidity. Dry electrolytic materials are known to have poor electrically 
conductive properties. 

[0031] Hence, solution 84 functions to improve the sensor's sensitivity by 

wetting electrolytic material 30. Solution 84 includes liquid electrolyte, water, or 
an acid solution. Solution 84 is contained in reservoir 80 within sensor 10. 
However, a controlled wetting is desired because flooding the electrolytic 
material causes the electrodes to be flooded. Flooding the electrodes with 
solution 84, particularly at the sensing electrode's surface, negatively affects 
sensor sensitivity and increases response time. 

[0032] As shown in FIG. 1, electrolytic material 30 further includes thin film 

62 of a conductive medium in contact with the sensing electrode of active sensor 
60 and thin layer 52 of a conductive medium in contact with the sensing 
electrode of reference sensor 50. Thin film 62 and thin layer 52 provide 
improved sensitivity because it increases the contact areas between the gas, 
electrolytic material 30, and electrodes. Moreover, because thin film 62 and thin 
layer 52 have thicknesses less than electrolytic material 30, response time and 


gas diffusion is enhanced. Thin film 62 and thin layer 52 are made of the same 
material as electrolytic material 30 or any ion conductive material. 

[0033] Where the humidity of the gas being measured is different than the 

humidity of the atmosphere surrounding sensor 10, a measurement of current 
may provide inaccurate indications as to the concentration of the gas because 
humidity affects current measurements. Furthermore, because humidity is a 
variable that cannot be controlled by sensor 10, sensor 10 compensates for 
relative humidity without actually measuring the humidity directly. Hence, sensor 
10 eliminates the uncertainty, or error, when compensating for relative humidity 
because the humidity is not actually being measured. 

[0034] Sensor 10 compensates for relative humidity without directly 

measuring the humidity by having thin layer 52 of electrolytic material on sensing 
electrode 22 of reference sensor 50 being of a different thickness than film 62 of 
electrolytic material 30 on sensing electrode 72 of active sensor 60. This is more 
particularly depicted in FIG. 2. Because gas must diffuse through electrolytic 
material 30, and more particularly layer 52 and film 62, in order to be detected, 
varying the thickness of electrolytic material 30 affects the amplitude of the 
response signal of sensor 10. Following this concept, the invention utilizes the 
effect on the amplitude of the response signal to provide a mathematical 
determination of the detected gas compensated for relative humidity. Moreover, 
the mathematical determination is desirably independent of any measurement of 
relative humidity. Using hydrogen disulfide as an example of gas to be detected 
and where layer 52 is 10 times thicker than film 62, the mathematical 
determination is as follows: 

Sensor 1 (thin Nafion coating): 100% H 2 S + RHi - RH 2 

Sensor 2 (10 times thicker Nafion coating): 10% H^S+R^ - RH Z 
Differential measurement (Sensor 1 - Sensor 2): 90% H 2 S 
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RHi is the relative humidity of the sample gas and RH 2 is the relative humidity of 
the surrounding air or gas used for baseline measurement. Because humidity is 
not being measured, the invention, therefore, eliminates any error associated 
with a humidity measurement. As shown in FIG. 1, layer 52 is approximately 
between 2.5 and 30 micrometers thick. Film 62, being 10 times thinner, is 
approximately between 0.25 and 3 micrometers thick. 

[0035] So long as layer 52 and film 62 are of different thickness, sensor 10 

detects the presence of a gas while compensating for the relative humidity. 
Preferably, but not necessary for proper function of sensor 10, layer 52 is at least 
10 times thicker than film 62. In another embodiment, layer 52 is 20 times thicker 
than film 62. Therefore, layer 52 is approximately between 10 and 60 
micrometers thick, whereas film 62 is approximately between .5 and 3 
micrometers thick. The mathematical formula will therefore be as follows: 

Sensor 1 (thin Nation coating): 100% H 2 S + RHi - RH 2 

Sensor 2 (20 times thicker Nafion coatinq):5% H?S+ Rhh -RH? 
Differential measurement (Sensor 1 - Sensor 2): 95% H 2 S 

[0036] In another embodiment, layer 52 is orders of magnitude thicker 

than film 62 and the mathematical formula will change correspondingly. The 
reasoning is that large variances in thicknesses between layer 52 and film 62 
provide large differences in gas diffusion through electrolytic material 30. This is 
desirable because as the difference in thickness between layer 52 and film 62 
increases, the differential measurement between the active and reference 
sensors' readings approaches 100%. As the difference in readings approach 
100%, the more accurate sensor 10 becomes while compensating for relative 
humidity, and the lower the standard of deviation and/or error in the readings 
become. Hence, although a preferred difference in the thicknesses of layer 52 
and film 62 is that layer 52 be at least 10 times thicker, any difference in 
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thicknesses suffices. The lower the difference in thicknesses, the greater the 
standard of deviation and/or error. 

[0037] In the alternative embodiment shown in FIG. 3, sensing electrode 

22 is of a different material than sensing electrode 72. Sensing electrode 22 is 
made of a material that has less of a response to the gas being detected as 
sensing electrode 72 or may be inert to the gas being detected. Gold is a 
possible candidate for sensing electrode 22. Sensing electrode 72 is Platinum or 
other metallic material. A material responsive to a gas is defined to be any 
material having an electrochemical reaction when in contact with the gas and 
electrolytic material, including layer 52 and film 62. 

[0038] Similar to the embodiment depicted in FIG. 1 , the more 

unresponsive to gas sensing electrode 22 becomes and the more responsive to 
gas sensing electrode 72 becomes, the more the difference between the active 
and reference sensors approaches 100% and the more accurately sensor 11 
compensates for relative humidity. 

[0039] In this embodiment, varying electrode materials accomplishes the 

same goal as varying thicknesses of layer 52 and film 62 of FIG. 1 . In other 
words, various electrode materials respond differently to a gas due to differences 
in their electrocatalytic properties or the number of electron exchanges at the 
sensing electrode per molecule of gas of interest. In this embodiment, it is not 
required that sensing electrode 22 is made of gold and sensing electrode 72 is 
made of Platinum. All that is pertinent is that one sensing electrode material has 
less of a response to the gas being detected than the other sensing electrode 
material and that they respond similarly to relative humidity changes. Also, 
having different thicknesses of layer 52 and film 62 is unnecessary. Hence, layer 
52 and film 62 may be of the same thickness when using different materials for 
sensing electrode 22 and sensing electrode 72. 
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[0040] FIG. 4a depicts an alternative embodiment where each active 

sensor 60 and reference sensor 50 has a counter and reference electrode that 
are combined. The counter/reference electrode 24A of reference sensor 50 and 
the counter/reference electrode 74A of active sensor 60 facilitates manufacturing 
and reduces development costs without sacrificing functioning of the invention. 
As the name implies, the counter/reference electrodes acts as both a reference 
point and a counter electrode. It should be known that counter/reference 
electrode 24A and counter/reference electrode 74A include all the limitations of 
the separately depicted counter and reference sensors described and depicted 
under FIG. 1 . The embodiment further includes a thin layer 52 of electrolytic 
material on sensing electrode 22 and a thin film 62 of electrolytic material on 
sensing electrode 72. Film 62 and layer 52 include all the limitations as 
described above under FIG. 1 . Similar to the embodiment described under FIG. 
1 , so long as film 62 and layer 52 are of different thicknesses, sensor 1 1 detects 
the presence of a gas while compensating for the relative humidity. 

[0041] FIG. 4b depicts another alternative embodiment where each active 

sensor 60 and reference sensor 50 shares a single electrode that acts as both a 
counter and reference electrode. Counter/reference electrode 24B includes all 
the limitations of counter/reference electrodes 24A and 74A as described under 
FIG. 4a. 

[0042] Although the invention has been described with reference to a 

particular arrangement of parts, features, dimensions, and the like, these are not 
intended to exhaust all possible arrangements, dimensions, or features, and 
indeed many other modifications and variations will be ascertainable to those of 
skill in the art. 


